A ir pollution exposure is the second most important risk factor for ill health in South Asia, contributing to between 13% and 21.7% of all deaths and approximately 58 million disability adjusted life years (DALYs) through chronic and acute respiratory and cardiovascular illnesses. 1 Of the top 30 cities in the world with the poorest air quality in 2016, 17 are in South Asia. 2 The impact of air pollution transcends boundaries. The "brown cloud"-caused by pollution from carbon aerosols-is a phenomenon captured in satellite images of atmospheric haze over South Asia, as well as China. South Asia has one of the highest concentrations of black carbon emissions from cars and trucks, cooking stoves, and industrial facilities. In addition to their effect on health, black carbon particles are a short lived climate pollutant with a possible impact on precipitation patterns and on the Himalayan glacier system, which threatens water resources in the region. 3 Collective regional action to monitor air quality and implement evidence based policies and interventions is needed. While countries have introduced promising initiatives in recent years, comprehensive health centred strategies are lacking. We present the status of air pollution and health effects in South Asia, and propose urgent, concerted action across sectors to achieve recommended air quality standards for the people of the region.
Air pollution exposure and trends
Household (indoor) and ambient (outdoor) air pollution both contribute to ill health.
Rural and urban areas are both affected by poor air quality. However, the sources and pollutant profiles vary. For instance, use of cooking fuels varies between urban and rural households, vehicular density is higher in cities, and different climate and geography across the region affect levels of air pollution.
Household air pollution
Approximately 74% of South Asian households use solid fuels such as wood, dung, or coal for cooking and heating. [4] [5] [6] These are inefficient fuels and their use in open fires or leaky stoves contributes to high levels of indoor smoke. Studies on indoor air pollution in South Asia show average daily PM 2.5 concentrations range from 300 μg/m 3 to 3000 μg/m 3 , 5 7 8 which is much higher than is recommended by the World Health Organization (box 1). 9 The proportion of households relying on solid fuels has decreased over the past few decades (fig 1); however this decrease has largely been offset by the increase in population. 10 The type of fuel and stove, kitchen area ventilation, quantity of fuel, age, gender, and time spent near the cooking area influence exposure within and between households. Women and children tend to have higher exposure. Use of solid cooking fuels also contributes to ambient air pollution as a result of emissions carried outdoors. In densely populated communities of India, household air pollution has been estimated to contribute to nearly 27% of ambient air pollution. 11 Since few studies report direct measures of household air pollution, 7 trends are estimated (for purposes of comparative risk assessment) using spatiotemporal Gaussian process regression modelling that incorporates data on the proportion of solid fuel use in each country from nationally representative household surveys and select co-variates, including maternal education and proportion of population living in urban areas 12 Ambient air pollution The population in South Asia, with the exception of Sri Lanka, is among the most highly exposed to PM 2.5 in the world (table 1) . Estimates from the Global Burden of Disease Study 2015 (GBD) indicate that the population weighted mean ambient PM 2.5 concentration in South Asia* was 73 μg/m 3 , compared with the global average of 44 µg/m 3 . Nearly 99.9% of the South Asian population is living in areas with poorer air quality than the minimum standards recommended by WHO (box 1). P o p u l a t i o n w e i g h t e d P M 2 . 5 concentrations have increased by 24% in South Asia between 1990 and 2015, with an increase in all countries except Pakistan and Sri Lanka (fig 2) . Ozone concentrations AnAlysis have also increased across the region at a rate exceeding the global increase. The sources of ambient air pollution vary across the region, and across rural and urban settings. Vehicular emissions, construction and road dust, residential biomass use, and industrial emissions are major contributors. [13] [14] [15] [16] The main sources of fuel used for power generation such as coal, natural gas, and oil can influence air quality. In Bangladesh, localised sources like brick kilns and motorised transport contribute to the base pollution load throughout the year. Additionally, in winter, transboundary transport of particulate matter across the Indo-Gangetic Plain airshed contributes to higher levels of PM 2.5 . 14 Similarly, in Pakistan, transboundary transport of dust and pollutants from the Arabian Peninsula 15 16 and from India 17 is noted to cause episodic spikes in PM 10 and PM 2.5 levels.
Impact on health
Exposure to ambient PM 2.5 was the third ranking risk factor for mortality (1.4 million deaths, 10.6% of total deaths) and DALYs (5.8% of total DALYs) in South Asia in 2015. Household air pollution ranks fourth (5.5% of DALYs and 1.2 million deaths, 9.6% of total deaths). 18 No studies to date have evaluated the health impacts of co-exposure to household and ambient air pollution.
Over the past 25 years, deaths attributable to ambient PM 2.5 exposure have increased, with some acceleration since 2010 ( fig 3) . Increase in PM 2.5 levels, population growth, and ageing contribute to this trend. Bangladesh, India, and Pakistan have a higher burden because of larger populations, high exposures, and increasing numbers of people affected by chronic diseases. Common diseases affected by air pollution include ischaemic heart disease, stroke, acute lower respiratory infections, chronic obstructive pulmonary disease, and lung cancer. Deaths attributable to household air pollution have remained high and relatively stable with only a modest increase from 1.1 million to 1.2 million between 1990 and 2015.
The age standardised attributable death rates indicate a small decrease, from 158 deaths per 100 000 in 1990 to 133 per 100 000 in 2015, while there has been a large decrease in the rate of attributable DALYs (fig 4) between 1990 and 2010, possibly driven by a decrease in the incidence of acute lower respiratory infections. Deaths attributable to ozone exposure, while much lower than those attributable to PM 2.5 exposure, have increased sharply throughout South Asia from 48 000 in 1990 to 122 000 in 2015 (a 154% increase) driven by increased exposure and increasing rates of chronic obstructive pulmonary disease in the region, and in India especially.
Air pollution propagates existing environmental vulnerabilities. 19 Children and older people are particularly vulnerable. Air pollution exposure results in low birth weight, 20 poor lung development in children, 21 mortality from respiratory infections, 22 and may also affect cognitive development. 23 Older people are more likely to develop chronic respiratory and cardiac illnesses, and are more susceptible to heart attacks and strokes from long term exposure, and during episodic high pollution events. 24 Lower socioeconomic groups are more susceptible to insults from air pollution exposure for a variety of reasons including occupation and housing. 2 5 19 Fragmented efforts to reduce air pollution With the lack of high quality data on air pollution and on health effects in South Asian countries, interventions are usually ad hoc, and their impact cannot be assessed. Public AnAlysis and media attention on levels of air pollution in South Asian cities have led to sporadic measures; however, a robust strategy with targeted reductions in pollutant levels is lacking.
Availability and quality of air pollution data Continuous ground monitoring of air quality across a range of locations is essential to understand the concentration of pollutants at different time points and implement control strategies. South Asian countries lag far behind global standards in the density and coverage of air quality monitoring networks. Routine monitoring of PM 2.5 and ozone in the region is minimal. Epidemiological studies currently rely on modelled exposure estimates based on satellite data. In India, for example, the National Air Quality Monitoring Program collects pollutant data twice a week from 629 stations across 264 cities, with 35 cities also hosting continuous air quality monitoring stations. 26 Monitoring is restricted to urban areas with virtually none carried out in rural areas. There are also challenges with the data collected, including calibration errors, gaps in data, and wide variation in uptime of monitoring stations.
Research on health outcomes
A growing body of literature from South Asia indicates an association between short term exposure to air pollution and a range of health outcomes such as decrease in lung function, respiratory symptoms, emergency department visits, and mortality. To date, however, no direct epidemiological studies of long term exposure to ambient PM 2.5 and mortality from chronic diseases in South Asia have been published. The evidence on acute and chronic health effects at the high levels of exposures commonly encountered in South Asian countries needs to be strengthened. 27 28 Large scale household surveys, census, and vital registration systems are the primary sources of data on mortality in South Asia. Incomplete or inconsistent recording of cause of death, and structural deficiencies in data collection result in under-reporting of deaths, especially in rural areas, and thereby provide little understanding of the impact of air pollution.
Air quality management and exposure reductions South Asian countries have taken some steps to address specific categories of emissions and exposures (table 2) and improve air quality. There is no coherent strategy, however, with defined targets for air quality and regular monitoring to understand the impact of these measures. 29 Political will and effective governance are central to tackling the problem.
Health centred environmental policy making is required
With the multiplicity of sources, modes of exposure, and complexity of outcomes, there is no easy solution to the problem of air pollution in South Asia. While household air pollution needs targeted interventions with substitute fuels, tackling ambient air pollution, with its varied sources, requires a broader approach. Systematic collection of air quality data and a scientific approach to air quality management are essential to tackle the varied sources of emissions. South Asian countries can learn from and adapt evidence based initiatives implemented in other parts of the world such as the Clean Air Act in the US 46 and China's five year, targeted 10 point action plan to improve air quality in three provinces. 47 Local solutions and policies must be designed to tackle the major sources and contributors. Box 2 provides an example of a recent programme launched in India to reduce household air pollution by expanding access to clean cooking fuel.
An evidence informed, multisectoral approach to policy making is required. 54 While the health sector can play a convening role on initiatives to minimise exposure and ameliorate health impacts, the onus of action lies outside, with the implementation of policies and programmes across the ministries of environment, energy, industry, and finance, among others.
The emphasis on "health in all policies" laid out in the 68th World Health Assembly's resolution on air pollution provides a roadmap to tackle a cross sectoral issue like air pollution where health is adversely affected as a result of ineffective policy making across sectors. The resolution emphasised the need for health related benchmarks of progress in air pollution control measures, and advocated health impact assessments in policy design, implementation, and evaluation related to air pollution. 55 In the context of growing energy use, rapid urbanisation, and increased demand for personal and public transport, the health The Indian government has historically provided a subsidy for liquefied petroleum gas (LPG). Access to this subsidy, however, was skewed heavily in favour of the urban population. 48 To tackle this imbalance, the Pradhan Mantri Ujjwala Yojana was launched in May 2016 with the aim of providing 50 million rural households with subsidised LPG connections by 2019, where hitherto they had been using solid fuels for cooking ( fig 5) .
This was coupled with a campaign to encourage urban recipients to give up their subsidy, and the PAHAL scheme for direct transfer of LPG subsidies to beneficiaries' bank accounts. 49 50 The programme exceeded its connection targets in the first year. 51 The investment both by way of political will and finances is vital. The question, however, of whether access equates with usage remains-newspapers have recently reported on beneficiaries dropping out after initial refills. 52 53 AnAlysis impacts of air pollution can be a conscience keeper for the principles of sustainable urbanisation and development.
While localised sources and emissions are important to tackle exposure, it is also vital to recognise the role of long distance and transboundary transport of air pollution in an interconnected airshed like the Indo-Gangetic Plain which links Bangladesh, India, and Pakistan. Existing political platforms, such as the South Asian Association for Regional Cooperation, must be leveraged to drive action on air quality. WHO's multisectoral action plan on non-communicable diseases provides a platform through which national and regional consensus can be fostered on the health impacts of air pollution. In addition to the nine traditional risk factors outlined in the action plan, member states of WHO's South East Asia region included the reduction of exposure to household air pollution from biomass as a target for the region. This platform can be the basis for coordinated and innovative regional action to reduce exposures and improve health outcomes.
Sources and methods
We used data from the Global Burden of Disease Study (GBD) 2015 on ambient and household exposure to air pollution and health burden estimates. Details on the methods for exposure estimation are described elsewhere. 29 30 We do not know of any other study that provides national level estimates for the purpose of comparison across different countries. In this context, we acknowledge the need to strengthen the local evidence base by conducting more direct epidemiological studies on the health effects of ambient and household air pollution which would accord greater confidence to the burden estimates.
During the prepar ation of this manuscript, the GBD estimates for 2016 were released. We believe that the minor revision in overall numbers did not necessitate shifting to the 2016 estimates for this article.
For other information covered in this article, we conducted searches on PubMed, Google Scholar, and Science Direct for relevant reviews and reports published in the region, and drew on our collective experience in this field.
